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PREFACE
This report encompasses all the activities pertaining
to Spare Storage Modules 028, 031, and 032 from
October 15, 1969 to January 13, 1970. Test data
obtained prior to October 15, 1969 are contained in
Quarterly Progress Report No. 7, iss.ad October 15, 1969
under NASA Contract NAS 5-10470.
1. Introduction and Conclusions
During the acceptance testing of spare storage modules 028, 031, and 032,
several anomalies occurred which caused a special investigation to be under-
taken to determine if the cells were overstressed sufficiently to make them
unsuitable for flight use. An analysis indicated the overstresses were not
sufficient to cause permanent damage. A special test program was formulated
to prove the integrity of the modules. Modules 028 and 032 completed the
series of special tests and exhibited normal characteristics throughout.
SN 031 suffered what was considered permanent damage during a conditioning
cycle and testing was discontinued on this module.
The test history is given in Table I. For the sake of brevity only the tests
during which an anomaly occurred and the special tests are shown. A descrip-
tion of the tests and the results can be found in the referenced section. In
addition to the special tests, the modules were subjected to the normal series
of electrical confidence tests.
During the special test program no unusual trends were detected and the results
were normal in every respect. Based on the analysis and the results of the
special test program, it is concluded spare modules 028 and 032 have not been
degraded and are suitable for normal flight use.
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2, Test T)escription and Results
2.1 During the thermal-vacuum test performed on spare modules 028, 031,
and 032 in accordance with TP-5FT%'_l3L6666 the trickle charge control was
in the override pooition when the 3 minimum load orbits were run at 100C.
This resulted in the modules being overcharged at the full charge rate of
1.1 alamps.	 The remainder of the therm 	 vacuum test was completed prior
to the discover of this anomaly.
An analysis of the data showed that during the second and third orbits, the
rraximum voltage spec of 1.515 volts/cell was exceeded in a number of cells
in each module. The module voltage spec of 3h.5 volts was exceeded during
orbits 2 and 3 as follows:
Module	 Orbit
2	 3
028	 35.57	 35.76
031
	 35.73	 35.84
032	 35.42	 35.56
The voltage values indicate that some hydrogen may have been generated in
some of the cells. The quantity would be small and would have no permanent
effect since the hydrogen will slowly recombine on standing. The tempera-
ture rise during the overcharge periods was not excessive and indicates the
cells were not overstressed due to temperature.
As a result of the overcharge, NASA directed a special thermal-vacuum test
be performed at loo C consisting of a 15 hour overcharge and 15 mininu.;n load
orbits. This test is described in Section 2.3.
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2.2 In setting up the spas c flight power supply subsystem in the thermal—
vacuum chamber for thes.ccial test described in section 2.3, two anomalies
occurred. The doorpenetration connectors were incorrectly connected re—
r^ulting in module S/N 032 being shorted and fusing a pin in the penetration
connector. An analysis of the circuitry indicated the module was subjected
to currents in excess of 35 to 110 amperes for a period of time probably less
than 10 seconds. The connectors on the control module were interchanc;ed re-
sulting in all 3 modules being; shorted from the 15 cell tap. In sur—nary, all
modules were subjected to high discharge currents through cells 1 to 15 and
module S/N 032 was subjected to an additional high discharge current through
all cells. The test continuity -was maintained and the tests of section 2.3
were performed next.
As part of the vendor acceptance tests all cells are subjected to a discharge
current of 30 amps for 9 seconds. Although the cells were subjected to
higher lo::ds for possibly a somewhat longer period, it was felt the cells
suffered no permanent damage because of the internal construction of the tab
connections. Later inspection ( section 2.4 ) confirmed this.
2.3 In order to assess the effect of the overcharge at 100C ( section 2.1 )
a special NASA directed thermal—vacuum test :-ias performed. The modules were
subjected to a 15 hour overcharge test at 300 milliamps 10 0C. During tUs
period the voltages were normal and did not exceed 1.521 volts on any cell.
Following this test they were subjected to 15 minimum load orbits at 100C
with the trickle charge operative. The voltages and taper charge characteristics
were normal. Table III shows the cell voltages immediately prior to when the
charge began to taper. The overcharge and high current discharge did not de—
grade the 10°C ., minimum orbit performance.
2.11 Because of the high discharge currents imposed on the modules, ( section
2.2 ) questions were raised as to whether the cells and associated equipment
were overstressed and damaged. Therefore, it was decided to remove several
cells for disection. Cell # 5 in SIN 028 and cells # 9 and #,` 14 were removed
from S/N 032. These cells were selected for the following reasons: Cell #5
showed a lower than normal resistance between the cell case and module casting
and was typical of a cell exposed to one surge of high current. Cells # 9
and # 211 were chosen at random as being typical of cells exposed to two surges
of high current.
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Cells H5 and # lli were disected and inspected. There were no signs of the
cells being overstressed. The plate tabs were not burned or discolored
frori overheating. The separator showed no burned or discolored areas due to
localized overheating and the appearance of the plates was normal.
The module harness was inspected and showed no signs of overstress. ^ince
the relay and diode were subjected to the high current these were replaced.
The relay was disected and inspected visually and electrically. There were
no signs of overstress ( attached correspondence dated 16 January 1970.)
2.5 lihile being given a conditioning cycle prior to performing section 2.6
tho cells in module S/PI 031 were overstressed and testing on this module was
discontinued. At the end of the conditioning charge the module was
erroneously overcharged at 2 amps for several hours instead of being dis-
charged. With the high charge voltages encountered, it was apparent an
appreciable quantity of hydrogen was generated and the cells were not suitable
for flight use.
2,0 Following the rework andriot to additional testing, the individual
cells in modules SIN 028 and SIN 032 were given an internal resistance or
pulse discharge at 30 amps for 9 seconds as further assurance the cells were
not degraded by the previous anomalies. The voltage at the 9 second point
was normal and compared favorably with the initial values obtained during
acceptance tests at the vendor's. The results are shown in Table III.
2.7 A final acceptance test was formulated, in conjunction with NASA, to
verify the operation and integrity of spare storage modules SN 028 and S I
032. This is a the!-.al-vacuum test consisting of a 48 hour overcharge test
with the voltage lird t set at 33.58 voltsy followed by 30 orbits at 10Oce
The cycling procedure was in accordance with the normal load conditions of
TPtiFTV-1846666 except the charge current was set at the maximum value of
1.1 amperes per module and was not adjusted to limit the charge/discharge
ratio to the specified value for 100C of 1.04.
The temperature profile shoran in Figure 1 was followed. Figures 2 and 3
arc histograms of the cell voltages at different times throughout the over-
charge test. At the end of the test the spread in cell voltage was small.
Two of the highest cells were the replacement cells in both modules. These
cells had not been subjected to a complete conditioning cycle prior to
assembly in the modules. Figure 4 shows the temperature of each module
throughout the test and the voltages of the two highest cells.
At the end of the overcharge test, the temperature transition to 10 0C was
begun shirting with the discharge portion of the orbit. The cycling con-
tinued smoothly with no apparent abnormalities. The start of the taper
charge occurred at essentially the same point in each orbit throughout the
test. Fitures 5, 6, and 7 show the charge current characteristics for
orbits 10, 20 and 30. There was a slight upviard trend in end of charge
current an-' an apparent increase in end of charge voltage in some cells.
These trends are considered normal for the test conditions and parameters
used as described in attached correspondence dated February 20, 1970.
Folloa,aing the completion of orbit # 30, the modules were discharged at 2
amperes per module to determine the residual capacity. The total capacity
of the 2 modules was 11.43 ampere hours to 27.5 volts. Figure 8 shot-is the
cell voltages at the end of the discharge.
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2.8 During a 250C electrical test there was a variation in charge current
telemetry in module S/P! 028. Over a period of tame the charge current
telemetry function exhibited a progressively increasing output for con-
secutive and identical test conditions. The charge current telemetry
electronics circuit board from S/td 031 was used as a replacement. Examination
of S/:I 028 board showed the trouble to be due to an undefined instability in
in a transistor.
W. J. Schlotter
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RCA-AED
Subject: Increase in end-of-charge voltages during low temperature Zycling
of Nimbus D spare system thermal-vacuum test in accordance with
Test Procedure RND-100.
Questions have been raised regarding the expected life of spare battery
modules 028 and 032 because of an apparent increase in end-of-charge voltages
during the 30 cycles run at 10 0 C. On a module basis there was no increase in
voltage as shown in Figure 1. An increase in module voltr a is not possible
since a temperature compensated voltage limit charge control is used and the
charge voltage is limited to a pre-set value. During the cycling the spread
in cell end-of-charge voltages increased as shown in Figures 2, 3, and 4. The
voltages of some cells increased while others decreased. This spread in end-
of-charge voltage is attributed to the increased overcharge at the low tem-
perature.
The normal charge/discharge ratio at 10°C is 1.04 while this test was
configured to provide the maximum charge current of 1.1 amperes/battery at the
beginning of charge with no attempt to regulate the amount of overcharge. As
a result the charge/discharge ratio turned out to be in excess of 1.10 as shown
in Figure 5. Prior to the overcharge period the spread in voltage was small
compared to the end-of-charge. Figure 6 compares the voltages at the point where
the charge starts to taper with the voltages at the end-of-charge for orbit 25.
Several cells in each module showed consistently higher end-of-charge volt-
_;.	 ages throughout the cycling. Among these were cells 5 in module 028, 9 and 14
in module 032. These were the replacement cells which were not subjected to the
..}	 same previous conditioning cycles as the rest of the module.
Throughout the test the end-of-charge current showed a gradual upward trend.
This trend has been seen on other cycling tests and may take several hundred
cycles for the cells to equalize and the end-of-charge currents to level off.
In a previous 10°C thermal-vacuum test on modules 028 and 032, prior to the over-
charge and high surge current str=sses, this same trend was observed. Figure 7
shows the end-of-charge currents during the 10 0C thermal-vacuum test performed in
August 1969. This test followed the standard procedure of TP-SFTV-1846666 in
which the chargeidischarge ratio was limited to 1.04 by limiting the initial charge
current.
In summary, the trends noted in the data appear to be normal for a battery
cycled under the parameters of this test and the cell variations are of such
small magnitude as to be insignificant. With the limited data available there
is nothing to indicate an abnormal condition which would affect the life of
modules 028 and 032.
W.J. Schlotter
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